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Abstract 
Industrial muda elimination is a major challenge that is faced by the experts in the day to day activities of production 
systems. Mostly there are seven types of industrial muda in lean systems such as Defects, Overproduction of things not 
demanded by actual customers, Inventories awaiting further processing or consumption, Unnecessary over-processing, 
Unnecessary motion of employees, Unnecessary transport and handling of goods, Waiting for an upstream process to deliver, or 
for a machine to finish processing, or for a supporting function to be completed. Every organization faces particular type of waste 
that occurs in day to day production activities. In order to find out the most influential lean waste based on the ranking, a survey 
has been conducted in 91 automobile industries based on the 5 point likerts scale to find the highly impacted lean muda. The 
survey results stating that 3 types of waste arising out of 7 waste which heavily affect the production system. Hence this work 
mainly deals with assessing the most deadly waste by ranking the major waste using the weighted average method in which each 
waste is assigned a weight. Based on the results, the major muda, which are identified that affects the production activities are 
discussed in detail and how this muda can be eliminated and incorporated with the production system are discussed  
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1. Introduction to Lean Production systems 
The lean management makes it possible to obtain a product that adapts to actual demand using the minimum 
amount of resources and therefore minimizing the cost, with the appropriate quality and very high speed of 
response. For this purpose, all activities that do not add value, called wasteful, must be eliminated, including 
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inappropriate processes, unnecessary carriage, unnecessary movement, stocks of all kinds which would result in 
increased costs [1]. Firms that have successfully reduced their internal waste through lean production methods also 
implement practices for better environmental management [2-3]. Lean production is a standard in the global 
automotive industry and is gaining ground in other manufacturing sectors [4-5] and even service in industries [6]. 
This emphasis on waste reduction drove practices such as inventory reduction, process simplification and the 
identification and elimination of non-value-adding tasks [7]. Delay on the part of customers waiting for service, for 
delivery, in queues, for response, not arriving as promised [8]. One key reason may be that many organizations have 
merely implemented isolated lean practices, something short of its underlying philosophy [9-10]. That is, in 
implementing lean, perhaps some organizations allowed the practices to become ends in themselves, losing sight of 
the true end, an overall efficient and effective production system.  
2. Literature review on the survey of lean Production systems  
Landsbergis [11] have discussed the subject based on reviews of the literature, without the support of empirical 
data. Jackson [12] identified both positive and negative effects of LP in terms of autonomy, physical demands and 
social climate. Schouteten [13] consider that the ambiguity is due to the lack of an external assessment framework 
supported by validated research instruments. Some of these studies, such as the one undertaken seem to be biased by 
ideological points of view. Polarization in the debate and the strong influence of ideological positions in some 
studies were also detected by Schouteten. Lean manufacturing is also expected to enhance the firm’s ability to 
improve customer value in terms of lower prices and quality products which will enhance market performance of 
firms [14]. In order to test the proposed hypotheses, the authors used the International Manufacturing Strategy 
Survey (IMSS-IV) data collected in 2005. The ambiguity of the impacts of LP on working conditions was also 
detected by whom analyzed 52 scientific articles on the subject [15], The use of surveys have been the most frequent 
research strategy to evaluate the human impacts of the LP. It has been difficult to undertake deep investigations into 
this issue based on qualitative data. For instance, surveys have been conducted by [16-17] states that field research 
was the most appropriate method for learning about the company’s general ‘‘lean history’’, the nature of its lean 
transformation and its internal/external dynamics. We should highlight at this point that the case company’s lean 
production efforts have been successful in terms of both financial measures such as profit, savings, etc. and non-
financial ones such as operational measures. The latter measures were evaluated using our questionnaire and 
interviews. To explore the research problem, a combined methodology of qualitative method and quantitative 
method is used [18]. With the use of quasi-exploratory case study is to gain support and an explanation of our 
survey-based study. Most of the previous research focus on the impact of lean, but this paper mainly focuses on the 
impact of major waste that occurs in the industrial environment. It also states that the level of waste that occurs and 
the parameters that are associated with the waste are elaborated. 
3. Definition of weighted average 
An average in which each quantity to be averaged is assigned a weight. These weightings determine the relative 
importance of each quantity on the average. Weightings are the equivalent of many like items having same value 
involved in the average. To calculate the weighted average, multiply the each value by its weight. Add the products 
of value time weight to get the total value. Add the weight themselves to get the total weight. Divide the total value 
of the total weight. In a similar way the data received from the survey is used to calculate the values and ranked 
based on the importance of the lean production waste. The ranking of this major waste states that how the current 
industrial production systems faced the various types of waste. In each and every chapter, major waste is explained 
based on the percentage of respondents in favor for the particular waste in the production system. 
3.1 Methodology  
A questionnaire was developed by us to collect the data to find out the major waste. The questionnaire was 
developed as per the pre assessment made on the workplaces of the automobile industries for about 91 respondents. 
The questionnaire consists of 7 questions in 5 point rickets scales. All questions are based on variable point scales 
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and to identify the major waste through the oral interview, which is made among the workers and team leaders. 
4.0 Lean waste taken into consideration for analysis  
4.1 Overproduction  
Parts are being produced without any new order or demand from the customer. Excess products may be sold with 
reduced prices at the end of the industry fiscal year to match the budget or lower the inventory for the next year’s 
production [19-20]. Producing more material than the customer demand or produce it before it is needed is termed 
as over production. Overproduction means making more than that is required by the next process, making earlier 
than that is required by the next process, or making faster than required by the next process. The corresponding Lean 
principle is to manufacture based upon a pull system, or producing products just as customers order them [21]. 
Percentage analysis has been carried out for the impact of the lean systems in a similar way. Survey results stated 
that the number of respondents opposing or in favour of the overproduction as a the major waste out of the seven 
waste are given below  
     Table 1. Percentage of respondents for overproduction 
S.No Particulars No of respondents Percentage 
1 Strongly Disagree 10 10.98 
2 Disagree 25 27.47 
3 Normal 22 24.17 
4 Agree 14 15.38 
5 Strongly Agree 20 21.97 
 Total 91 100 
From the above table 1 the percentage of respondents, 10.98% strongly disagree and 27.47% disagree for 
considering the overproduction as a major waste in automobile industries. Around 15.38% agree and 21.97% 
strongly agree the percentage of respondents agree for overproduction as the type of waste. Table 1 states that a 
uniform distribution of the percentage of respondents in the various options stated. 
4.2. Delay and Wait Time  
Some common wait time is caused by processing delays, machine or system downtime, response time and 
signature required for approval wait time. The reason for the delay and waiting for materials is questionable and the 
next machines to be ready or extra help to complete the job. Delay usually caused by the loading and unloading the 
work piece in the machines. The operator’s time allocation is more than that of the actual processing time. This 
excess time allocation for the operators to do the job increases the overall wait time and delay in the process. Efforts 
need to make the flow smooth and even wait time = f (machine downtime, response time, signature approval, 
etc.)[22]. Survey results stated that the number of respondents opposing or in favour of the delay and wait time as a 
the major waste out seven wastes are given below  
     Table 2. The percentage of respondents for Delay and wait time  
S.No Particulars No of respondents Percentage 
1 Strongly Disagree 2 2.19 
2 Disagree 1 1.09 
3 Normal 2 2.19 
4 Agree 41 45.05 
5 Strongly Agree 45 49.45 
 Total 91 100 
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. From the above table 2 the percentage of respondents around 2.19% strongly disagree and 1.09% disagree for 
considering the delay and wait time as a major waste in automobile industries. The number of positive respondents, 
45.05% agree and 49.45% strongly agree for the same waste. Table 2 states that the majority of the respondents is 
agreed to delay and wait time wasted as one of the major waste.  
4.3 Transportation  
Transportation is defined as delivered to and from outside the factory warehouse facility. The transportation of 
finished goods normally is generated by the poor plant process, or necessary plant process layouts. Transportation = 
f (plant process layout, travel distance, etc.). The majority of transportation costs is generated by moving raw 
materials to a factory and moving finished goods to a customer.  The cause of this transportation is the centralized 
production of a product, and the design of the supply chain supporting production.  In most industries, large scale 
centralized production is the norm.  The result is a product that may be produced hundreds or thousands of miles 
away from where it is needed. The supply chain has a big effect on transportation.  Sourcing raw materials locally 
can reduce transportation costs.  When making sourcing decisions, the transportation costs are typically included in 
the total cost of the material being acquired. Inside a facility, transportation is caused by wait time and 
inventory.  Every break in a process that causes wait time has the potential to allow WIP to accumulate.  As WIP 
accumulates, it needs to be stored, and in turn, transported to and from storage locations.  With higher finished 
goods and raw material inventories, transportation costs also rise.  The bigger the warehouse, the higher the 
transportation costs expended in the warehouse. In office environments, there are still significant transportation 
costs.  In this situation, the transportation is typically of workers and not products.  Many companies recognize the 
transportation costs of employees travelling. Transportation costs also occur inside a facility.  If sales and production 
planning need to meet regularly, but are on opposite sides of a production facility, employees will end up walking 
back and forth a lot. Manufacturing operations would be located near customers.  This may seem unrealistic, but 
some industries are set up with local manufacturing by necessity.  Every restaurant is a make-to-order 
manufacturing facility located as close to customers as possible. Companies strive to develop supply chains that 
minimize transportation. Survey results stated that the number of respondents opposing or in favour of the 
transportation as a major waste out of the seven waste are given below 
   Table 3. Percentage of respondents for Transportation 
S.No Particulars No of respondents Percentage 
1 Strongly Disagree 1 1.09 
2 Disagree 1 1.09 
3 Normal 2 2.19 
4 Agree 3 3.29 
5 Strongly Agree 84 92.30 
 Total 91 100 
From the above table 3 the percentage of respondents are 1.09% strongly disagree and 1.09% disagree for 
considering the transportation as a major waste in automobile industries. The number of respondents positively 
agree the percentage of 3.29% agree and 92.30% strongly agree for the same waste. Table 3 states around 95.59% of 
respondents support the transportation as a major waste. 
4.4 Over Processing and Complexity  
Storing work-in-process (WIP) products in further location adds unneeded processing steps to complete the 
project. Processing = f WIP, old machine malfunction, needed process steps, WIP location, and so on. Simplifying 
processes are critical to the lean methodology, and it is at the core of eliminating processing waste.  Each activity in 
the production process should be assessed in detail.  The activity must add value to the customer, and must be an 
activity that cannot be accomplished automatically.  In turn the activity should be eliminated or consolidated with 
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other processes.  As with the other wastes, it is important to examine every activity or process through the lens of 
lean.  For this reason, it is preferable to look at all processes as potential waste.  This differs from the view of some 
lean practitioners who describe this waste as over processing, and encourage the acceptance of processing as value 
added. The primary cause of some processing steps is a failure to recognize processing as a waste.  Every process in 
the manufacturing operation is often assumed to be value added.  This leads individuals to overlook processing as a 
source of waste. In reality, many processes are unnecessary. Another common cause of processing is 
complexity.  The more complicated a process is, the more likely there will be unnecessary steps. In an office 
environment, processing is a very common waste.  This often comes in the form of reviews and approvals needed to 
make decisions.  Many steps in the approval process are likely to be steps that do not add value.  There may be 
necessary controls to ensure quality, fiscal responsibility and legal compliance, but each of these activities is 
inherently wasteful.  Streamlining or eliminating processing steps that add no value can dramatically speed up an 
operation and reduce costs. Survey results stated that the number of respondents opposing or in favour of the over 
processing and complexity as a the major waste out of the seven waste and results are given below 
 Table 4. Percentage of respondents for over processing and complexity 
S.No Particulars No of respondents Percentage 
1 Strongly Disagree 8 8.79 
2 Disagree 11 12.08 
3 Normal 38 41.75 
4 Agree 18 19.78 
5 Strongly Agree 16 17.58 
 Total 91 100 
From the table 4 the percentage of the number of respondents is 8.79% strongly disagree and 12.08% disagree for 
considering the overproduction as a major waste in automobile industries. The number of respondents with a 
percentage of 19.78% agree and 17.58% strongly agree to this type of waste. Table 4 states that uniform distribution 
of percentage for both agree and disagree options. The majority of the respondents are neutral in their response. 
4.5 Excess Inventory  
Excess inventory is called storing excess products with no orders in the warehouse and having excess WIP. This 
will impede and tie up the cash flow and it may end up creating a negative cash flow. Inventory = f (cash flow, 
order, production, floor space, etc.). Causes of Inventory Overproduction, another of the 7 Wastes, are a primary 
cause of inventory.  Processes and incentives that encourage producing too much product will lead to higher 
inventory levels. It protects against unexpected events such as a material shortage, machine breakdown or natural 
disaster. Poorly controlled processes lead to lot sizes, inaccurate forecasts, poor communication with suppliers and 
customers, and errant management decisions.  All of these limitations will result in higher inventory levels. The 
most obvious effect of inventory is the capital required to carry the inventory.  The cost of inventory is significant, 
and that cost generates no return. By reducing the inventory required to operate, the business can reduce the capital 
it requires in order to support those operations. Inventory affects a wide range of other expenses.  As inventory 
levels go up, the capital investment in warehouse space also increases.  Large warehouses mean more time is 
required to move product into storage and out of storage locations. Higher inventory levels also drive up obsolete 
and excess inventory expenses. Damage to inventory also increases as more inventories are stored for longer times. 
The larger the inventory, the more labour is required to maintain inventory accuracy.  A plant that has one day’s 
inventory on hand will have a fast and easy physical inventory compared to a plant with a year of product in 
storage.  The number of cycle counters and inventory adjusters also increases with inventory levels. Solution for 
inventory is essential to streamline processes and reduce lead times.  Every reduction in lead times allows a 
reduction in the inventory held. Eliminating WIP (work in process) can be achieved by creating a seamless flow 
through the production process. Every break in a process requires WIP to be stored and moved between 
processes.  Eliminating these breaks allows the elimination of WIP. Better forecasting and a shift to a pull based 
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scheduling system will eliminate the large forecast variances that lead to overproduction and increases in inventory 
levels. Any effort seeking to reduce inventory must have incentives to motivate employees to minimize 
inventory.  Managers need to treat the capital tied up in inventory as a negative to be minimized.  This can involve 
charging a plant for the cost of capital or by making inventory level part of the bonus calculation. The most 
important thing to remember when looking at inventory is that all inventory is waste. Inventory’s ability cover up 
for other problems makes people think inventory is essential.  In reality, correcting the underlying problems, make 
the inventory unnecessary. Survey results stated that the number of respondents opposing or in favor of the Excess 
inventory as a the major waste out of the seven waste and results are given below 
      Table 5. Percentage of respondents for Excess Inventory 
S.No Particulars No of respondents Percentage 
1 Strongly Disagree 9 9.89 
2 Disagree 25 27.47 
3 Normal 53 58.24 
4 Agree 2 2.19 
5 Strongly Agree 2 2.19 
 Total 91 100 
From the above table 5 the number of respondent percentage is 9.89% strongly disagree and 27.47% disagree for 
considering the overproduction as a major waste in automobile industries. Around 2.19% agree and 2.19% strongly 
agree to this type of waste. Table 5 states that only minimum no of respondents agree for the excess inventory as a 
major waste   
4.6 Wasted Motion.  
Unnecessary movements in the manufacturing environment will result in processing delays. Other unutilized 
talents are employee lost time, unused skills, employee ideas, and recommendations in simplifying the process. 
Wasted motion = f (injury, operator experience, mismatched operator talent, inefficient assignment to an 
experienced operator, lost time, etc.).  
   Table 6. Percentage of respondents for waste motion 
S.No Particulars No of respondents Percentage 
1 Strongly Disagree 2 2.19 
2 Disagree 1 1.09 
3 Normal 5 5.49 
4 Agree 37 40.65 
5 Strongly Agree 46 50.54 
 Total 91 100 
Survey results stated that the number of respondents opposing or in favour of the wasted motion as the major 
waste out of the seven waste and results are given above. From the above table 6 the number of respondent 
percentage is 2.19% strongly disagree and 1.09% disagree which disagree for considering the wasted motion as a 
major waste in automobile industries. Around 40.65% agree and 50.54% strongly agree for the same waste.Table 6 
states that the majority of the respondents agree to the waste motion as a major waste   
4.7 Errors and Defects  
Usually defects will add additional rework, inspection, design changes, process changes, and machine downtime 
analyse problems. In the plastics industry errors and defects include mold qualification time; engineering design will 
require additional time. The original cost must be absorbed, and unnecessary rework or replacement costs need to be 
captured) Defects = f (Rework, inspection, process changes, design changes, scrap, paperwork, etc.). Poor quality 
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and the resulting defects are a major source of cost for many companies.  This is also a cost that is often under 
reported as there are direct and indirect effects of defects.  A defect is any error in a process that makes a product or 
service less valuable to a customer, or that requires additional processing to correct the defect. The adoption of lean 
at many companies started with a focus on quality.  Total Quality Management was a major manufacturing initiative 
before lean was adopted on a widespread basis.  It was easy for a company to recognize that defects were 
wasteful.  As a result, quality initiatives designed to reduce and eliminate defects are often some of the most mature 
lean initiatives in a company. Defects arise out of processes that are poorly controlled.  A well designed process 
should produce acceptable results every time.  Few processes can achieve perfect quality every time.  Variations in 
raw materials, changes to machine setups, wear and tear on equipment, improper maintenance, poor training, and 
worker error can all lead to variations and quality defects. In an office environment, defects also occur.  Poor 
planning slow communications and inadequate training can all lead to errors in work. Defects cause both direct and 
indirect costs.  The direct costs are the lost materials and labor that went into the part that was defective, and the 
rework costs associated with correcting the defect. Indirect costs from defects can be crippling to a company.  Every 
defective part that is produced uses capacity.  When demand is high and a bottleneck exits, defects will lead to lower 
revenues.  If the defects are not identified and corrected, they can reach the customer.  A dissatisfied customer could 
be a best case scenario when you consider that substantial lawsuits are often a result of product defects.  There are 
numerous examples of defective quality leading to crippling liability awards in food, medical device, 
pharmaceutical, automotive, toy making, and other industries. In an office environment, defects can be even more 
substantial than in manufacturing.  Office workers are often responsible for product design, service delivery, 
planning and scheduling, and compliance and corporate governance. Survey results stated that the number of 
respondents opposing or in favour of the Errors and defects as a major waste out of the seven waste and results are 
given below.  
      Table 7. Percentage of respondents for Error and defects 
S.No Particulars No of respondents Percentage 
1 Strongly Disagree 10 10.98 
2 Disagree 25 27.47 
3 Normal 22 24.17 
4 Agree 14 15.38 
5 Strongly Agree 20 21.97 
 Total 91 100 
From the above table 7 the number of respondents, 10.98% strongly disagree and 27.47% disagree for 
considering the overproduction as major waste. Around 15.38% agree and 21.97% strongly agree for the same type 
of waste. Table 7 states that only nominal numbers of respondents are agreeing for the errors and defects as a major 
waste.   
5. Results and discussion  
Waste reduction is the major concern in the todays industrial environment. The below table 8 states that  
transportation,waiting time muda and unnecessary motion are major muda that affect the production in the industrial 
environment.The inventory rank next to the first three waste in some industries, but in some of the industries 
inventory waste is completely vanished due to proper scheduling and planning. The Over production,Over 
processing and defect waste are ranked as 5,6,7 respectively.This type of waste does not cause major impact on the 
productivity of industries as shown in the below figure 1. The results indicate that transportation as a major waste in 
automobile industries because the number of respondents positively agrees with the percentage of 95.59%. The next 
is waiting time muda with a total percentage of 94.50%. The third major waste is unnecessary motion muda with a 
value of 91.19% .The other major waste that are inventory muda, over processing muda, over production muda, 
defect muda are not considered as the major waste. The majority of the percentage of respondents disagrees to 
support the other four types of muda when compared to the previous waste. 
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Table 8. A ranking of the various waste based on weighted averages 
S.No Tools SD D N A SA Weighted 
average 
Ranking 
1 Transportation  Muda  1 1 2 3 84 1 .175 1  
2 Waiting time Muda  2  1  2  41  45  1.582  2  
3 Unnecessary Motion 
Muda  
2  1  5  37  46  1.626  3  
4  Inventory Muda  9  25  53  2  2  1.922  4  
5 Over processing Muda  8  11  38  18  16  2.263  5  
6 Over production Muda  10  25  22  14  20  2.582  6  
7 Defect Muda  25  14  16  12  24  2.604  7  
 
 
Figure: 1 No of respondents agrees for major waste in industries 
6. Conclusion 
This work mainly focuses on detection of major muda out of 7 types of muda occur in the production 
environment. Every organisation overcome a particular production problem due to particular lean waste. Calculation 
carried out to find the major waste using the weighted average method. The results suggest that three major waste 
out of seven waste are identified. Mathematical results are in support to this major waste and theoretical 
explanations are narrated for each waste and how this type of muda affects the industrial environment. The overall 
graph shown in above fig 1 states that how respondents strongly agree for these different forms of muda. The 
majority of the respondents states that three muda such as Transportation Muda, Waiting time Muda, Unnecessary 
Motion Muda are the major muda which affects the industrial production. Hence this work concludes that 
production managers and industrial experts need to monitor these three major muda systematically and necessary 
steps should be taken to eradicate these highlighted wastes. Elimination of these major waste considerably increases 
the production rate and in turn have a positive impact towards the productivity of the automobile industries. 
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